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ABSTRAK
Dalam kajian ini, kesan bahan dop ion zirconium (Zr"*"^) dan ion kalsium (Ca^"^
ke atas sifat-sifat dielektrik NiO dikaji. Bahan elektroseramik Ni(i-;c)Zr;cO, Ni(i.,)Ca;cO
dan Nio.95Zro.02Cao.01 telah dihasilkan melalui kaedah tindak balas keadaan pepejal. Tiga
bahan mentah utama iaitu NiO, Zr02 dan CaO melalui pencampuran basah selama 24
jam, kemudian dikalsin pada suhu 1000°C. Ni(i.x)ZrjcO dan Ni(i.;c)CajcO masing-masing
disinter pada suhu 1280°C selama 10 jam dan 1250°C selama 4 jam. Manakala
Nio.95Zro.02Cao.01 disinter pada suhu 1200°C, 1250°C and 1300°C selama 5 jam. Suhu
1250°C selama 5 jam telah dikenalpasti sebagai parameter pensinteran yang optimum
dalam pembentukan Ni0.95Zr0.02Ca0.01. Ujian XRD ke atas sampel yang disinter
menunjukkan pembentukan fasa Ni(i.;c)Ca;cO, Ni(i..x)Zr;cO dan Nio.95Zro.02Cao.01.
Pemerhatian FESEM ke atas sampel Ni(i-x)Zr;cO menunjukkan saiz butiran semakin besar
dengan penambahan bahan dop dan Ni(i.jt)Ca;rO menunjukkan saiz butiran semakin besar
dengan penambahan bahan dop. Manakala saiz butiran Ni0.95Zr0.02Ca0.01 semakin
membesar dengan peningkatan suhu pensinteran. Ketumpatan Ni(i.;c)Zr,0, Ni(i.,)CaxO
dan Ni0.95Zr0.02Cao.01 semakin meningkat dengan penambahan bahan dop Zr'*"' dan Ca^"",
dan keliangan semakin menurun dengan peningkatan kepekatan bahan dop. Pemalar
dielektrik Ni(,.,)Zr;cO dengan ;c = 0.02 mol %Zr^^ menunjukkan pemalar dielektrik
tertinggi (700) dan nilai lesapan dielektrik adalah sederhana (0.16). Manakala sifat
dielektrik bagi sampel Ni(i.;c)Ca;cO yang didop dengan x=0.01 mol %Ca mempunyai
lesapan dielektrik terendah (0.05) tetapi sederhana dalam pemalar dielektrik (123),
• • • • 4+
diukur pada frckuensi I MHz. Kombinasi dua bahan dop yang optimuni ini, iaitu Zr
0.02 mol % dan Ca^"" = 0.01 mol %, telah digunakan untuk menghasilkan
Ni095Zr0.02Ca0.01- Sifat dielektrik bagi Nio.95Zro.02Cao.01 mempunyai pemalar dielektrik
tertinggi (727) dan nilai lesapan dielektrik terendah (0.04).
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ABSTRACT
In this research, the effect of Zirconium ions (Zr'*'^ ) and Calcium ions (Ca^ )
dopant on NiO was investigated. The electroceramic of Ni(i.;c)Zr;cO, Ni(i.,.)Ca,0 and
Nio.95Zro.02Cao.01 was prepared by using solid state reaction method. Three main raw
materials ofNiO, Zr02 and CaO were mixed for 24 hours, then were calcined at 1000°C.
Ni(i-;c)Zr,0 and Ni(i-,)Ca;cO was sintered at 1280°C for 10 hours and 1250°C for 4hours,
respectively. Ni0.95Zr0.02Ca0.01 was sintered at 1200°C, 1250 Cand 1300 Cfor 5 hours.
The 1250°C for 5 hours was identified as optimum sintering profile for Ni0.95Zr0.02Ca0.01
formation. XRD analysis on sintered sample showed the single phase formation ofNi(i-
;,)Zr,0, Ni(,.;c)Ca;cO and Ni0.95Zr0.02Ca0.01. FESEM observation on the Ni(i.,)Zr,0 showed
that grain size are bigger with increasing amount of dopant and Ni(i.x)Caj:0 shows that
grain size are getting larger with increasing amount of dopant. Meanwhile the grain size
of Ni0.95Zr0.02Ca0.01 are larger with the increasing sintering temperature. The
densification of Ni(,..)Zr,0, Ni(,-;c)Ca;cO and Nio.95Zro.02Cao.01 was improved using Zr^""
and Ca^"" doping and the porosity decrease at higher dopant concentration. The dielectric
behavior of Ni(i-;c)Zr;cO with jc =0.02 mole %Zr'^ ^ exhibited highest dielectric constant
(700) with moderate dielectric loss (0.16). Meanwhile, the dielectric behavior of Ni(i-
;,)CaxO samples show that the sample doped with x=0.01 mole %Ca^"^ obtained the
lowest dielectric loss (0.05) but moderate in dielectric constant (123), measured at 1
MHz. The combination ofthis two optimum dopant content, Zr"^"" = 0.02 mole %and
XVIII
Ca^"^ = 0.01 mole %, has been applied to produce Ni0.95Zr0.02Ca0.01. The dielectric
behavior of Nio.95Zro.02Cao.01 posses the highest dielectric constant (727) and lowest
dielectric loss (0.04).
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1.0 INTRODUCTION
1.1 Ceramic Materials
Ceramics is an inorganic compound consisting of metallic and nonmetallic
elements such as silicon nitride (Si3N4), alumina (AI2O3) and silicon carbide (SiC). It is
mainly categorized as oxide, nitride, carbides and borides prepared by the action of heat
and subsequent cooling (Setter and Waser, 2000). Ceramic materials generally
withstand high temperatures that range from 1000°C to 1600°C, are brittle with low
toughness, ductility, strong in compression and weak in shearing/tearing (Lehman et al.,
1999).
Ceramics are usually good thermal and electrical insulators due to the stability of
their strong bond. The properties of these ceramics are also comparable and sometimes
better than existent materials since the cost of ceramic materials is cheaper compared to
other materials. Moreover, ceramic materials have been traditionally admired for their
unique electrical, optical and magnetic properties which become more important
technologies including communication, energy conversion, storage, electronics and
automation (Moulson and Herbert, 2003).
Ceramic can be divided into two parts which are traditional ceramics and
advanced ceramics. Traditional ceramic can be characterized by mostly silicate-based
porous microstructures that are coarse, nonuniform and multiphase. Some examples of
traditional ceramics are porcelain, glass, bricks and refractory materials. Advanced
ceramic refers to engineering ceramics featuring electrical, electronic and magnetic
properties. Advanced ceramic is categorized as electroceramics, bioceramic, glass
ceramics, and others. Electroceramics are used to explain ceramic materials formulated
for electrical, magnetic or optical properties.
Nowadays the communication technology developments are moving to wireless
technology such as cellular phones and global positioning systems. These developments
of ceramic materials have produced a lot of material depending on the processing
method, structure and physical device (Askeland and phule, 2003). There have been
reports that ceramic was first used in the electronic industry as electrical conductors.
These properties can be modified or designed in order to produce device with higher
dielectric constant (Naidu, 2009). Examples of electrical properties are resistivity,
conductivity, dielectric constant, dielectric loss, dielectric strength and capacitance. Due
to this demand, much research has been done on ceramic materials to produce a material
with high dielectric constant and low dielectric loss (Agrawal, 1998).
Electroceramic materials that have high dielectric constant can be used for
construction of ceramic capacitor. Capacitor is an important element in electrical and
electronic circuit. In this case, higher dielectric material in the range of 100 kHz to 1
GHz is required to maintain or increase the capacitance when the miniaturizing process
is applied to devices (Askeland and phule, 2006). Dielectric materials with high
electrical resistance can support the electric field efficiently. Lowering dielectric loss
will increase the efficiency of dielectric material. The term dielectric material is used to
explain the electrical insulator that can be sustained with a minimal dissipation of power
(Kao, 2004).
The ideal dielectric material does not exhibit electrical conductivity when an
electric field is applied. In practice all dielectrics do have some conductivity, which
generally increases with the increase rise of temperature and applied field. If the applied
field increases to some critical magnitude, the material abruptly becomes conductive. A
large current flow and local destruction occurs to an extent depending upon the amount
of energy which the source supplies to the low conductivity path (Mcgraw, 2005). One
of the materials that can be used as high dielectric constant material is NiO. NiO is
known as one of the electroceramic materials and is a very interesting material due to its
anti-fferomagnetic structure which is, the magnetic moments of atoms or molecules,
usually related to the spins of electrons, aligned in a regular pattern with
neighboring spins (on different sublattices) pointing in oppositedirections.
Stoichiometric NiO (NisoOso) is a Mott-Hubbard insulator with room temperature
conductivity of less than 10"'^ S cm"'. Very low conductivity of NiO may be due to
hopping ofcharge carriers associated with Ni^^ vacancies (Gokul et al., 2013).
NiO also has good temperature stability in a wide temperature range of 100-
150°C. NiO is different from other materials that have ferroelectric properties. Near
Curie point, BaTiOa shows a great enhancement in dielectric constant but it also has
unfavorable structural phase transitions due to strong temperature dependence.
Meanwhile, the permittivity ofNiO is stable above -73°C. The dielectric constant ofNiO
was found to drop rapidly to a value around 100 when the temperature was below -173
°C butwas not accompanied byanystructural phase transition (Maensiri et al., 2007).
1.2 Problem Statement
Nowadays, commercial micro-electroceramics technologies, such as capacitor
and memory devices, place increasing demands on the performance of high dielectric
permittivity and low dielectric loss in the frequency range (medium wave) broadcast,
amateur radio and avalanche beacons. In the early electronic and electrical systems,
large dielectric constant was observed in perovskite and ferroelectric oxides
(Tangwancharoen et al., 2009).
Perovskite structures such as PbZrTiOs (PZT) and PbMgi/3Nb2/303 (PMN),
exhibit high dielectric constant but both materials have high dielectric loss and also poor
temperature stability (Bencan et al., 2012). Besides, they contain lead which is toxic.
Most recently, a lead-free perovskite like CaCu3Ti40i2 (CCTO) has high static dielectric
constant at room temperature but its weak temperature is between -173 and 107 °C
(Guillemet et al.,2006). The key properties required for a capacitor are high dielectric
permittivity and low dielectric loss which can withstand high temperatures. A few
researchers observed that the giant dielectric constant is related to the microstructure of
the material. Dispersion of metallic Ni particles into ceramic Ba'l'i03 produces a high
dielectric constant (gxlO"*) (Manna et al., 2008). The giant dielectric constant is found in
electron doped manganites, LaMn03. CCTO exhibits an unusually high dielectric
constant of (lO'^ -lO^) at room temperature (Wu et al., 2002). Large dielectric constants
of LaMn03 and CCTO are interpreted by polarization mechanism from electrically
heterogeneous grain and grain boundary regions (Li et al., 2012), but the dielectric loss
of the system is high. However, it is difficult to achieve these two properties
simultaneously in a particular material (Wu et al., 2003).
However, there are several weaknesses of NiO. For undoped NiO, the dielectric
constant (Sr) = 30at 100 KHz is lower compared to doped NiO. According to Jana et al.,
2007, Potasium, Titanium doped Nickel Oxide (KTNO) shows larger decreasing value
of Sr at higher frequency. The introduction of Ni^^ vacancies caused a considerable
increase in dielectric properties of NiO, however it contains a large number of vacancies
and the grain boundary of all KTNO samples causes high probability of inter well
hopping (long range hopping) and it affects dielectric relaxation at high frequency. In
the NiO materials, there are plenty of defects and control over those defects is a
challenging process. These defects have significant influence on the properties of NiO.
Hence, controlling the defects such as structural and compositional defects, will lead to
tailoring the properties of ceramics (Atkinson et al., 1980). Although properties of NiO
have been studied before, not much work has been reported on the dielectric properties
of NiO at high frequency. Dielectric constant and loss properties were studied by
Mallick and Mishra. (2012), and revealed that Ni^"^ or oxygen vacancies affected the
electrical properties ofNiO.
In order to achieve these two important properties, high dielectric constant and
low dielectric loss in capacitor and memory devices, many materials have been studied
and NiO has been found to be one of the promising materials to be used as various
applications in supercapacitor, exchange bias controlled spin valve and electrochromic
devices and independent with a high temperature (Cletus, 1993). Pure NiO is an
insulator at room temperature, nonperovskite, lead free and nonferroelectric (Dutta et al.,
2010).
The improvement in dielectric properties of NiO becomes very important due to
its complex band structure in which the dielectric properties can be tailored by
introducing other element into the system. Chen et al. (2004) and Dakhel, (2012)
studied the dielectric properties of NiO at low frequency. Both reports revealed that
dielectric constant for pure NiO was 30 and oxygen vacancies were responsible for the
dielectric properties of Ni. Several dopants of varying valencies, ionic size and
concentrations were added into NiO and the variations in densification, and dielectric
properties of NiO were reported. Thus, much research has been carried out to improve
dielectric properties by applying dopants into NiO.
Meanwhile, the increase in value for small amounts of doping is attributed to the
increase in the density and grain growth. However, when the amount of dopant added is
too high (>2mol %), the density of NiO will decrease. It was found that Ca has been
used in Bai.;cCa;tTi03 system and it was reported that the dielectric loss was suppressed
when the Ca dopant was increased (Chen et al., 2004). The dielectric properties
increased when the ionic radii of the dopant was close to NiO's ionic radii which was
0.069 nm (Siddiqui et al., 2012).
Several researchers also studied the effect of Zr02 on dielectric properties of
NiO. They claimed that with the addition ofZrOzas a dopant, the dielectric properties of
NiO, especially dielectric constant, could be improved. Chen et al. (2009) concluded that
NiO with jc = 0.1 had dielectric constant of around iC^ at 1 kHz. It was better compared
with the undoped NiO sample that could only exhibit 30 at 1 kHz.
Recent works were focused on the effect of various dopants on the properties of
NiO. However, there are no studies on the properties of Ni0.95Zr0.02Ca0.01O at higher
frequencies 1 MHz to 1 GHz. Nowadays, there are many devices that operate at high
frequency such as wireless communication devices. As NiO has potential for high
frequency devices application, the knowledge of high frequency properties of NiO is
also necessary. Thus, this work focuses on the effect on the structural and electrical
properties ofNi(i-;()Zr;cO , Ni (|.;,)Ca;,0, and Ni(i..x-;;)Zr:cCa;,0. Zr'^ "*' and Ca^"*" with atomic
radii of 0.079 nm and 0.100 nm, and have the potential to be doped into NiO because
they tend to disturb the NiO structure, hence improve the dielectric properties of NiO at
room temperature at high frequency range from 1MHz to 1GHz. In this study, inorderto
achieve high dielectric constant and low dielectric loss, Zr"^^ and Ca^^ were doped into
the NiO system.
2.0 OBJECTIVES
This study focuses on dielectric properties of undoped and doped NiO and
characterization of various doping elements by the solid state method. Therefore, the
main objectives are:
1) To synthesis Zr"*"^ and Ca^"^ doped NiO through solid state reaction.
2) To investigate the crystal structure and morphology of Zr"*"^ and Ca^^ doped
on NiO samples.
3) To investigate the effect ofNiO doped with and Ca^"^ dopant on the
dielectric properties (Srand tan 5) ofNiO measured at 100 Hz - I GHz.
3.0 METHODS
Commercial NiO (Aldrich 99%), Li2C03 (Aldrich 99%) and Zr02 Merck
(23710)( 99%) were used as starting materials in the sample preparation. LUNii.
;cZro.o20 was prepared by using conventional solid state processing technique. Pure NiO
was mixed with different amount of Li2C03 and ZrO, (0.01, 0.02, 0.03, 0.05 and 0.10)
mole%. Appropriate amount powders of NiO and Li"*" were firstly weighted and were
mechanically wet ball mix using ethanol as wetting agent for 24 hours. Zirconia balls
were used as mixing medium with weight ratio of ball to powder at 10:1. The mixtures
were dried for 24 hours. Then, it was ground using agate mortar to form the fine
powders. The powder was placed in alumina crucible and calcined in carbolite furnace
at 1000 °C for 2 hours. Then, the calcined powder was ground and pressed to form a
pellets shape by using hydraulic press at 250 MPa. The pellets were sintered at 1280 °C
for 10 hours. The samples were subjected to X-ray powder diffraction Bruker D8
Advance (XRD), to identify the phase formation and crystal structure of the sample.
Microstructure of the sample was observed by using Scanning Electron Microscopy
Zeiss Supra 35VP model (SEM). The samples were polished and coated with silver
paste. The measurement of dielectric properties of the sample was carried out by using
Impedance Analyzer (Agilent 4284 A) at frequency range of 1 MHz to 1 GHz.
The details for each processing step are summarized in Figure 3.1.
Stago 1: —doped NiO. Stage 2; Ca^^—doped NiO.
tv materials: NiO and ZrOaIRa Weighing Raw materials: NiO and CaO
NiO +A:Zr02(0.01, 0.02, 0.03, 0.05 and
1.0mol%) .
NiO + xCaO (0.01,0.02, 0.03,0.05 and
1.0 mol %)
Wet mixing (Ethanol) for 24 hours in bal
milling
Shaping
Pressure: 250 MPa
Diameter: 6 and 13 mm
*
Calcination at 1000®C for 2 hours
i
Sintering: 128^0,10 hours Sintering: 1250°C, 4 hours
I
Analysis: XRD, FESEM, Density & Porosity and Dielectric
Stage 3: and doped NiOTT
Raw materials: NiO, CaO and Zr02 are weighed
Wet mixing (Ethanol) for 24 hours in ball milling
TGA analysis
Shaping: Pressure: 250 MPa, Diameter: 6 and 13mm
Calcination at 460®C,800°C and 900®Cfor 2 hours
Sintering 1200®C, 1250®C and 1300®C, 5 hours
Analysis: XRD, FESEM, Density/Porosity and Dielectric
Figure 3.1: Process flow of experiment work.
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4.0 RESULTS AND DISCUSSION
4.1 Introduction
The first section begins with the characterization of raw materials.
Characterization of starting materials is very important especially in term of purity of
raw materials which can effect to the properties of ceramic body. The starting materials
that have been used in this research are NiO, Zr02, and CaO. Scanning Electron
Microscopy (SEM) and X-ray Diffraction (XRD) were carried out to characterize the
morphology and purity of starting materials. The second section provides the structure,
morphology and dielectric properties of NiO ceramics doped with different mol% of
Zr"*"^ and Ca^"^. Different amounts of Zr"*^ and Ca^"*" in NiO showed significant effect on
NiO properties. The third section studies the effect of Zr^"^ and Ca^^ co-doped in NiO by
choosing the optimum dielectric properties from the second section.
4.2 Raw Materials Characterization
Raw materials characterization involved X-Ray diffraction (XRD) and Field
Emission Scanning Electron Microscope (FESEM). Characterization of the starting
materials was done to confirm their characteristics especially in terms of purity (> 99%)
which was important to produce a good quality product as the purity of the sample was
11
the main consideration for the Ca^"^ and Zr"^"^ doped into NiO preparation. The raw
materials used in this research were NiO, CaO and Zr02.
4.2.1 Nickel Oxide (NiO) Powder
In this study, NiO powder was supplied by Aldrich (205532) with 99.9% purity
and green in color. Figure 4.1 shows the morphology of the NiO powder observed by
FESEM. Observation of the NiO powder showed that the particles of NiO as
agglomerates with irregular shape. The magnification of this micrograph is 10 KX and
the average particles size is 8.65 pm.
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Figure 4.1: FESEM micrograph ofNiO powder.
Figure 4.2 shows the XRD pattern of NiO powder. All peaks were identified as
peaks of NiO powder and were compared to the XRD pattern as shown in Appendix C
(ICDD Data File Card No. 00-004-0835).
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Figure 4.2: XRD pattern ofNiO powder was identified as a single phase ofNiO.
4.2.2 Zirconia Oxide (ZrOj) Powder
Zr02 powder was supplied by Aldrich with high purity (99.9%) and the powder is
white in color. Figure 4.3 shows the FESEM micrograph of ZrOi powder. The particles
ofZr02 powder are spherical in shape. The magnification of this micrograph is 20 KX
and the average particle size is 10.01 pm.
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Figure4.3: FESEM micrograph ofZr02 powder.
Figure 4.4 shows the XRD pattern of Zr02 powder. Analysis of the pattern
indicated that all peaks matched with the standard Zr02 pattern as shown in Appendix D
(ICDD Data File Card No. 00-037-1484).
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4.4: XRD pattern ofZr02powder was identified as a single phase of Zr02.
ro fy
4.2.3 Calcium Oxide (CaO) Powder
The CaO powder was supplied by Merck, Germany with high purity (99.9%) and
the color is white. In Figure 4.5, FESEM morphology shows that the particles of CaO
are cube shaped. The magnification of this micrograph is 1 KX and the average particles
size is 6.55 pm.
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Figure 4.5: FESEM micrograph ofCaO powder.
Figure 4.6 shows the XRD pattern of CaO powder. The patterns confirmed the
existence ofa single phase ofCaO powder as shown in Appendix E (ICDD Data File
Card No.00-003-1123).
2 Theta (degree)
Figure 4.6: XRD pattern ofCaO powder was identified as asingle phase of CaO
The overall result for the raw materials characterization showed that all the
materials had high purity. Based on the XRD analysis, the results did not show any
impurities in all raw materials. Impurities in raw materials could affect the dielectric
properties ofZr'^ '^ and Ca^"" doped NiO. High purity materials were also very important in
order to produce good samples in this research. The morphology of a powder has an
impact on the uniformity and the sinterability of the material (Penn et al., 1999). The
particle size ofraw materials might affect the final product ofNiO samples. It is because
large particle size have poor packing density. Thus, may result in porous structure. For
this work, the particle size was measured by using the particles size analyzer.
4.3 Preparation of doped NiO
Ni(i.;c)Zr;cO and Ni(i.x)Ca;,0 were prepared by using conventional solid state
reaction. Figure 4.7 shows the Ni(i-;c)Zr;cO powder after the milling and calcinations
processes. The color ofmilled powder was green, but it changed to dark green after the
calcinations process. The change in the firing color after calcination at 1000 Coccurred
after the addition of Zr'*"^ and Ca^"" in NiO due to the dissociation of the NiO at high
temperature and that associated with other oxides of the doping composition to form
new crystalline phases which were observed in X- ray diffraction patterns. In NiO, this
non-stoichiometry was accompanied by color changes, with the stoichiometrically NiO
green and the non-stoichiometric NiO black (Podprika, 2012). Figure 4.8 shows the
calcined and sintered ofNi(i.,)Zr;cO. The dark green color ofcalcined samples turned to
the black after being sintered.
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Figure 4.7; Powder ofNi(i..,)Zr;,0 (a) after milling, and (b) after calcination process.
b) i
Figure 4.8; The sample of (a) calcined, and (b) sintered Ni(i-i)Zr,0 pellets.
4.3.1 Characterization ofcalcined Ni(i-x)ZrvO
Figure 4.9 shows the XRD analysis result for stoichiometric Ni(i.^)Zr^O. The
mixtures of raw materials were wet mixing for 24 hours. From the figure 4.9, the
standard pattern of Ni(i.:,)Zr^O was being matched with ICDD Data File Card No. 00-
004-0835.The calcined sample shows that there are five peaks that closely matched with
the standard diffraction pattern of NiO. The peaks are identified as NiO with Miller
Indices of (111). (200), (220), (311) and (222). It was found that the major sharp peaks
with 20 values of 42° and 36.527° are corresponding to NiO. No other secondary phase
formation was detected because ofZr doping was less than 10 mole%.
The Zr'^ '" addition did not give any changes on NiO lattice in calcinations
process. It might be due to low calcinations process. It might be due to low calcination
temperature (1000°C) which did not provide sufficient energy for Zr to be embedded
into NiO system.
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Figure 4.9: XRD pattern ofmixed and calcined Ni(i.;c)Zr;(0 powders.
4.4 Characterization of sintered Ni(i.jc)ZrjcO
The properties of Ni(|.x)Zr,0 were characterized their phase formation by XRD,
density by Archimedes principle, surface morphology by FESEM and dielectric
properties by impedance analyzer.
4.4.1 X-ray Diffraction Results
Figure 4.10 shows the XRD result for Ni(i.j)Zr,0 ceramics samples with different
Zr"'" concentration. Results indicated that there were five peaks similar to the standard
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pattern ofNiO with Miller index (hkl) of (111), (200), (220), (311), and (222). These
Miller index were identified as cubic NiO.
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Figure 4.10: XRD pattern ofNi(i.;c)Zr,0 sintered at 1280°C for 10 hours.
Figure 4.11 shows peaks of Ni(i.;c)Zr;cO which corresponded to the (200). The
value oflattice parameter and crystallite size for various Zr^^ composition were given in
Table 4.1. The highest Ni(i..r)ZrrO intesity peak (200) was chosen for the determination
of lattice parameter by using the least square refinement method (Appendix F), while
crystallite size was calculated from the X-ray peak broadening by using Debye Scherer
equation (Appendix G).
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For the sintered sample, there was a changes in lattice parameters in NiO system.
Higher temperature in sintering temperature (1200°C) may be provide sufficient energy
to the Zr"^"^ to interstitial the N?"*".
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Figure 4.11: Close-up of XRD pattern ofNi(i.;,)Zr,0 pellet sintered at 1280°C for 10
hours.
The incorporation ofZr"^"" into NiO crystallite led to changes in lattice parameter
and crystallite size. There was an increase in the lattice parameter and crystallite size
with increased contents. Thongbai et al. (2009) also reported the same trend in their
work on dielectric relaxation and dielectric response mechanism in (Li, Ti)-doped NiO
ceramics. This behaviour was attributed to the fact that Zr^"" had bigger ionic radius
(O.TA) as compared to NP"^ which had an ionic radius of (0.69A) (Dakhel, 2009). The
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trend was to be linear with more addition of Zr^^. The shifted peak on XRD result
showed that Zr"^"^ tended to substitute the parental atom of crystal structure lattice
structure.
Moreover, doping Zr'*^ into NiO induced a non-uniform strain that caused the
lattice plane spacing change and diffraction peak to shift to a new 2 theta position. The
changes of lattice parameter at sintering due to crystallite size increased with the
increasing temperature and the lattice parameter decreased. Higher amount of Zr'*^
increased the lattice parameter. So, there was a possibility that Zr^ dopant could alter
the structure by changing the lattice parameter ofparental host with increasing doping
concentrations. Table 4.1 shows the variation in lattice parameter and crystallite size
with different concentrations of Zr^^ doped NiO. The value was increased as Zr
concentration increased up to 0.05 mole%.
The lattice parameter ofNiO was found to increase progressively by increasing
both the dopant concentration. These values suggested the possibility ofincorporation of
Zr"^^ in NiO lattices. So the dissolution ofZr"^^ in the lattice ofNiO should be normally
accompanied by a decrease in the concentration of Ni^ ions present in
nonstoichiometric NiO solid. The dissolution of Zr"^"^ in NiO lattice can be simplified
adopting Kroger's mechanism as Zr (Ni) represents tetravalent Zr ion located in the
position of host nP^ cations of NiO solid, nP^ represents the trivalent nickel ion present
in non-stoichiometricNiO solid. So, the dissolution process is normally accompanied by
conversion of a portion of nP"" ions into nP"" ions with subsequent removal of some of
lattice oxygen.
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The lattice parameter ofNiO was changed after the doping process with Lithium
and Titanium. It was because the dopant tended to substitute the parental atom of crystal
structure due to the difference in sizes between Ni^^ (0.69 A) and Li^ (0.68 A). The peak
shifted on XRD result indicated the lattice of crystal structure had been distorted.
Table 4.1: Lattice parameter and crystallite size measurement ofZr'^ "^ doped NiO with
various concentration ofa: according to peak 200.
Composition Lattice Parameter (A) Crystallite Size (nm)
x = 0 4.1600 45.04
x = om 4.1612 49.02
x = 0.02 4.1618 62.06
X —0.03 4.1630 66.92
X = 0.05 4.1697 67.96
x = OAO 4.1699 70.44
Some of was interstitial by larger Zr"*"^ ions and this will increase the lattice
parameter. The addition of Zr'^ more than 0.05 mole %, the lattice parameter was
constant. This might due to limit ofZr'^ "^ interstitial in between the Ni atom.
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4.4.2 Microstructure of Sintered Ni(i.v)ZrvO
Figures 4.12 shows the surface morphology ofNi(i.:t)Zr;cO with 0.01 mol% <;c <
0.1 mol% that were sintered at 1280°C for 10 hours soaking time.
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Figure 4.12: FESEM micrograph ofNi(i-;t)Zr;tO sintered at 1280°C for 10 hours with Zr
concentration (a) x —0.00, (b) x = 0.01, (c)x —0.02, (d) x = 0.03, (e)x =
0.05 and (f) :i: = 0.10.
The microstructure of pure NIO is shown in Figure 4.12 (a) revealing that the
grain size were in average of 1.09 pm. Figure 4.12 (b-f) shows the doped NiO with 0.01-
0.10 mole %ofZrOa- By doping with 0.01 mol%, the structures became denser with less
pores formation compared to the pure NiO. The grain sizes also increased to 1.11 um,
1.17 um, 2um, 2.5 um, and 2.78 um for (x =0.01, 0.02, 0.03, 0.05 and 0.10) mol% Zr'^
respectively. Higher Zr'^ '^ amount in the sample meant more Zr^"" ions were deposited at
the grain boundaries so the average grain size was also reduced. The grain size was
measured by using Image J tool software.
4.4.3 Density and Porosity of Ni(i.;c)ZrjcO
Figure 4.13 shows the density of sintered Ni(i.;t)Zr,0. The highest density was
obtained by the sample doped with 0.10 mole %of Zr"^, which was 6.1 g/cm'. The
density was increased rapidly from x=0.01 to 0.05 mole %of Zr'^ The sample doped
with 0.05 and 0.10 mole %Z/* had denser microstructure compared to other samples.
With more addition of Zr'"', the densities increased because the high concentration of
Zr"* produced more energy for each atom to move and leave their lattice to form anew
big particle (Bencan et al., 2012).
24
(n
o
3
o
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Zi^"^ Coatent (Mole %)
Figure 4.13: Density and porosity ofNi(i.;c)Zr;cO.
4.4.4 Dielectric Behaviour of sintered NiO
The dielectric properties of dielectric material mainly depend on dielectric
constant and loss. Higher 8r and lower tan 5will produce good electroceramic products.
Figure 4.14 shows the Er and tan 5of undoped NiO at room temperature. It was found
that the value ofEr for undoped NiO was 33.9 at 100 Hz and nearly constant at about 10
at high frequencies. The values obtained in this study were higher compared to the value
reported by Chen et al. (2004). They reported that Er of undoped NiO was 30 at 100 Hz.
Hsiou et al. (2007) reported that the Er for NiO decreased with increasing frequencies.
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This was because dipole charges could not move when the polarization rate ofelectric
field was increased (Ramirez et al., 2000).
100 1000 10000 100000 1000000 10000000 100000000 1000000000
LogFrequency (Hz)
Figure 4.14: Dielectric constant ofNiO at frequency lOOHz-lMHz.
Figure 4.15 shows the tan 5of undoped NiO at room temperature. The value of
tan 5for NiO was 7.8 at 100 Hz and became nearly constant at 0.8 above 10^ Hz. It was
found that the value of tan 5 was similar to the value reported by Biju et al. (2003).
Gokui et al. (2013) reported that the tan 5 decreased with the frequency due to the
presence of free charge carriers which as dipoles could not keep shifting orientation
and direction when the frequency of the applied electric field exceeded its relaxation
frequency.
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The microstructure of pure NIO is shown in Figure 4.12 (a) revealing that the
grain size were in average of 1.09 pm. Figure 4.12 (b-f) shows the doped NiO with 0.01 -
0,10 mole %ofZrOz. By doping with 0.01 mol%, the structures became denser with less
pores formation compared to the pure NiO. The grain sizes also increased to 1.11 um,
1.17 um, 2um, 2.5 um, and 2.78 um for (;£: =0.01, 0.02, 0.03, 0.05 and 0.10) mol% Zr
respectively. Higher Zr"^"^ amount in the sample meant more Zr^*"" ions were deposited at
the grain boundaries so the average grain size was also reduced. The gram size was
measured by using Image J tool software.
4.4.3 Density and Porosity of Ni(i-x)Zr;cO
Figure 4.13 shows the density of sintered Ni(i-;c)Zr;cO. The highest density was
obtained by the sample doped with 0.10 mole %of Zr^\ which was 6.1 g/cml The
density was increased rapidly from x=0.01 to 0.05 mole %of Zr"-". The sample doped
with 0.05 and 0.10 mole % Zr^^"*" had denser microstructure compared to other samples.
With more addition of Zr"^"*", the densities increased because the high concentration of
Zr'^ "' produced more energy for each atom to move and leave their lattice to form anew
big particle (Bencan et al., 2012).
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Figure 4.13: Density and porosity ofNi(i.;c)ZrjcO.
4.4.4 Dielectric Behaviour of sintered NiO
The dielectric properties of dielectric material mainly depend on dielectric
constant and loss. Higher Er and lower tan 5will produce good electroceramic products.
Figure 4.14 shows the Er and tan 5of undoped NiO at room temperature. It was found
that the value ofEr for undoped NiO was 33.9 at 100 Hz and nearly constant at about 10
at high frequencies. The values obtained in this study were higher compared to the value
reported by Chen et al. (2004). They reported that Er of undoped NiO was 30 at 100 Hz.
Hsiou et al. (2007) reported that the Er for NiO decreased with increasing frequencies.
25
This was because dipole charges could not move when the polarization rate ofelectric
field was increased (Ramirez et al., 2000).
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Figure 4.14: Dielectric constant ofNiO at frequency lOOHz-lMHz.
Figure 4.15 shows the tan Sof undoped NiO at room temperature. The value of
tan 6for NiO was 7.8 at 100 Hz and became nearly constant at 0.8 above 10^ Hz. It was
found that the value of tan 5 was similar to the value reported by Biju et al. (2003).
Gokul et al. (2013) reported that the tan 6 decreased with the frequency due to the
presence of free charge carriers which as dipoles could not keep shifting orientation
and direction when the frequency of the applied electric field exceeded its relaxation
frequency.
26
» ♦»» »
m 1—r-nrrmi 1—i -t i iin| 1—i i i niri r
lE+02 lE+03 lE+04 lE+05 lE+06 lE-^07 lE+08 lE-J-09
LogFrequency (Hz)
Figure 4.15: Dielectric loss ofNiO at frequency lOOHz-lOOOMHz.
4.4.5 Dielectric Behaviour of sintered Ni(i-x)Zr^O
Figure 4.16 shows frequency dependence of Cr of Ni(i.j.)Zrj.O samples as a
function of Zr"*"^ doping concentration. It was observed that the Cr decreased with the
increasing offrequencies. Arapid decrease of£r values took place at the frequency range
between 1-10 MHz and it became almost linear between 10MHz-1 GHz.
The 8r of NiO was improved with the addition of Zr doping. The Zr -doped
samples with doping concentrations, x=0.01, 0.05 and 0.10 mole %Zr"^ exhibited
higher 8, than the undoped NiO sample at frequencies ranging from 1MHz to 5MHz. It
was apparent that the x=0.02 sample exhibited highest Sr which was 700 at 1MHz. At 1
MHz, the other sample x=0.01, 0.03 and 0.05 mole %Zr"^"*" exhibited 300, 400 and 200
while the 0.10 % mole Zr"*^ sample had Sr of 180.
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The larger at grain size ofjc = 0.02 sample might have contributed to the increase
of high dielectric constant. Therefore dopant especially at x= 0.02 can be used to
improve dielectric constant ofNiO.
The increase of dielectric properties ofNiO samples after being doped by ZrOi
had also been reported by Manna et al. (2008). They reported that the large dielectric
constant was related to the presence of grain boundary regions. Chen et al. (2007)
reported that Zr and Li dopants were electrically heterogeneous and consisted of
semiconducting/conducting grains with insulating grain boundaries doped in NiO. Thus,
the presence of Zr compounds might have increased the 8r ofNiO ceramics. Manna et al.
(2010) also had stated that the 8r increase was due to Zr phase that existed at the grain
boundary ofNiO which also contributed to the reduction oftan 5.
The 8r rapidly dropped in the frequency range of 1-10 MHz. It could be
explained by the mechanisms of polarization that had varying time response capabilities
to an applied field frequency, and polarization contributed to the 8r. Adipole could not
keep shifting orientation direction when the frequency of the applied electric field
exceeded its relaxation frequency. The relaxation frequency was the reciprocal ofthe
minimum reorientation time for an electric dipole within the alternating electric field
(Callister, 2007) it is indicated by the an abrupt drop in the dielectric constant value as a
function of frequency. When a polarization mechanism ceases to function, there is an
abrupt drop in the 8r. So, it will not make a contribution to the dielectric constant
(Callister, 2007).
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Figure 4.15: Dielectric loss ofNiO at frequency lOOHz-lOOOMHz.
4.4.5 Dielectric Behaviour of sintered Ni(i-A:)Zr;cO
Figure 4.16 shows frequency dependence of 8r of Ni(i.jc)Zr;(0 samples as a
function of Zr'*'^ doping concentration. It was observed that the Sr decreased with the
increasing offrequencies. Arapid decrease ofSr values took place at the frequency range
between 1-10 MHz and it became almost linear between 10 MHz-1 GHz.
The Sr ofNiO was improved with the addition ofZr'^ ^ doping. The Zr -doped
samples with doping concentrations, x=0.01, 0.05 and 0.10 mole %Zr'^ exhibited
higher s, than the undoped NiO sample at frequencies ranging from 1MHz to 5MHz. It
was apparent that the jc =0.02 sample exhibited highest Sr which was 700 at 1MHz. At 1
MHz, the other sample x=0.01, 0.03 and 0.05 mole %Zr exhibited 300, 400 and 200
while the 0.10 %mole Zr'*'^ sample had Sr of180.
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Figure 4.16; Frequency dependence ofdielectric constant ofNi(i-;c)Zr;cO samples as a
function of Zr"^"^ doping concentrations.
The dielectric constant of NiO samples which measured at different frequencies
ranging from 1MHz to 1GHz was plotted as shown in Figure 4.17. The four selected
frequencies were 1MHz, 10 MHz, 100 MHz and 1GHz. It was found that the x=0.02
sample had the highest 8r at all frequencies range compared to the 0.10 mole % Zr
sample. For instance, at 10 MHZ the dielectric constant ofx=0.02 was 140 while the
0.10 sample's was only 84. For 100 MHz, the dielectric constant of a: = 0.02 was 86
while 0.10 sample's was only 79. The e, ofx = 0.02 and 0.10 sample at 1GHz were 85
and 84 respectively.
The larger grain size of a: = 0.02 sample than the 0.10 sample might have
contributed to the increase ofhigh 8r. Therefore, Zr"^"" dopant especially at x=0.02 could
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be used to improve 8r of NiO. This high dielectric properties in doped NiO system was
due to Maxwell - Wagner (MW) polarization. A core or shell structure was found to
present in these NiO- based ceramic systems. It induced an electrically heterogeneous
microstructure which consists of semiconducting properties inside grain and insulating
properties at grain boundary. As a result, the Maxwell - Wagner (MW) polarization
(interfacial polarization) mechanism has been used to explain the giant Sr in these
material systems(Thongbai et al, 2009).
Furthermore, the MW polarization usually introduces in materials that have
electrically heterogeneous structure consisting ofconducting and insulating parts, which
are often observed in the grain and grain boundary respectively. Under an alternat ing
electric field, free charge carriers in the conducting part are accumulated at the two edge
sides of insulating thin layers, producing the interfacial polarization at these layers. This
is responsible for the observed high £r in these materials (Tangwancharoen et al., 2009).
This behavior is similar to that observed in other NiO based ceramic systems and other
giant dielectric systems such as CCTO and CuO ceramics (Lin et al., 2005). Such
behavior is typical for the Maxwell-Wagner relaxation, which is generally employed to
describe the observed high Erin electrically inhomogenous materials (Lin et al., 2006).
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values at low frequencies, and rapidly decreased if the frequency was sufficiently high
corresponding to the movement of the tan 6 peaks.
The dielectric constant rapidly drops in the frequency range of 1-10 MHz. It can
be explained by the mechanisms of polarization that have varying time response
capabilities to an applied field frequency, and polarization contributes to the dielectric
constant. A dipole cannot keep shifting orientation direction when the frequency of the
applied electric field exceeds its relaxation frequency. When a polarization mechanism
ceases to function, there is an abrupt drop in the dielectric constant. So, it will not make
a contribution to the dielectric constant (Callister, 2007). l his behaviorwas similar to the
results observed in other NiO-based ceramic systems (Pongha et al., 2009) and the other
giant dielectric systems such as CCTO and CuO ceramics (Shao, et al., 2007). Thus, the
tan 5 ofthe NiO ceramics could also be lowered with the addition ofZr'*^ dopant.Based
on the result that was obtained from this part, 0.02 mole %Zr'*^ will be considered to be
applied in the formation ofNi(i.x)Zr;cCa;,.
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Figure 4.18: Frequency dependence ofdielectric loss ofNi(i.;t)Zr;(0 samples as a function
of Zr"^"^ doping concentrations.
4.5 Characterization of sintered Ni(i.;c)CaxO
The properties of Ni(i-,)Ca;fO were characterized by XRD, density by
Archimedes principle, surface morphology by FESEM and dielectric properties by
impedance analyzer.
4.5.1 X-Ray Diffraction Result
XRD analysis for sintered pellets was done to investigate the formation of Ni(i.
x)C2ixO phase. Figure 4.19 shows the result for Ni(i.;c)Ca;rO ceramic sample with different
Ca^"" concentration. As seen, the XRD pattern of the entire sintered Ni(i.;r)Ca;(0 are very
similar.Results indicated that there were five peaks similar to the standard pattern of
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NiO with Miller index of(111), (200), (220), (311) and (222). No other secondary phase
formation was detected.
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Figure 4.19: XRD pattern ofNi(i.,)Ca,0 sintered at 1250''C for 4hours.
Figure 4.20 shows peaks ofNi(i.,)Ca,0 which correspond to the (200). The value
of lattice parameter and crystallite size for various composition are given in Table 4.1.
The same phenomena were reported by Wu et al. (2002) whereby, calcinations beyond
450°C, evolved organic substance thus resulting in NiO was formation.
The highest Ni(i.,)Ca;,0 intensity peak (200) was chosen for the determination of
lattice parameter by using the least square refinement method (Appendix H) while
crystallite size was calculated by using Debye Scherer equation (Appendix I). The peak
was shifted to the smaller angle with the addition ofCa'^ contents.
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The incorporation of Ca^"^ into NiO led to a change of its lattice parameter and
crystallite size. There was an increase in the lattice parameter and crystallite size with
increasing amount of Ca contents. The band structure of NiO changed because of Ca
doping causes conduction and valance band overlapped in the Fermi level.
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Figure 4.20: Close-up of XRD pattern of Ni(i.x)Ca;(0 pellet sintered at 1250°C for 4
hours.
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Table 4.2 shows the variations in lattice parameter and crystallite size with
different concentrations of Ca^"^ doping NiO. The value was increased as Ca^^
concentration increased up to 0.02 mole%. There was a trend to be linear with more
addition ofCa^"^. The result showed that Ca '^*'changed the lattice prameter ofNiO.
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Table 4.2: Lattice parameter and crystallite size measurement ofCa '^^ -doped NiO with
various concentrations ofx according to peak 220.
Composition (mol %) Lattice Parameter (A) Crystallite Size (nm)
jc = 0 4.1600 45.04
;c = 0.01 4.1846 46.02
a: = 0.02 4.2247 53.70
a: = 0.03 4.2271 54.63
X = 0.05 4.2299 54.88
a: = 0.10 4.2321 54.90
4.5.2 Microstructure of Sintered Ni(i.jc)CaxO
Microstructure is reported to play a vital role in determining the properties of
electroceramics. Every single processing step will contribute to the end microstructure
developed. Starting with raw materials selection; mixing and forming were indirectly
involved with post sintering microstructure development (Lee and Rainforth, 1994).
Figures 4.21 shows the surface morphology of Ni(i.;()Ca;cO with 0.01 mol% <x < 0.1
mol% that were sintered at 1250°C for 4 hours soaking time. FESEM was used to
examine the microstructure of the samples. The grain size was measured by using Image
J tool software. The microstructure of pure NiO is shown in Figure 4.21 (a) revealing
that the average grain is 1.17 ^m. Figure 4.21 (b-f) shows the doped NiO with 0.01-0.10
2+
mole % of Ca
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Figure 4.21: FESEM micrograph ofNi(|.:t)Ca;,0 sintered at 1250°C for 4 hours with Ca
concentration (a) x = 0.00, (b) x = 0.01, (c) x = 0.02, (d) x = 0.03, (e) x =
0.05 and (f) x = 0.10.
By doping with 0.01 mol%, the structures became denser with less pores
formation compared to the pure NiO. The grain size increased to 1.16 pm for {x = 0.01)
mol% Ca^"^. By adding more Ca^^ concentration up to :*: = 0.02, 0.03, 0.05 and 0.10 mole
%, the average grain size increased to 1.21, 1.25, 1.254 and 1.27 pm, respectively. The
excess of Ca^"^ which do not intertiate among Ni atom may assembled at the grain
boundaries, and this change the total microstructure asshowed in figure 4.21 (f).
Figure 4.22 shows the result of average grain size analysis. The average grain
sizes increased with more Ca^"^ addition. The same phenomenon was reported by
Hidayani, (2013) which stated that the BZT sample exhibited a dense structure with the
increase of Ca dopant. This indicated that the CaO dopants enhanced the grain growth
with more regularsquare shape grains.
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Figure 4.22: Average grain size ofNi(i.;c)Ca;cO sintered at 1250°C for 4 hours.
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4.5.3 Density and Porosity ofNi(i-x)Caj:0
Figure 4.23 shows the sintered density of Ni(i.j:)Ca;fO. The density increased
rapidly with more addition of Ca^^ from x=0.01 - 0.10 mole %of Ca^^ The highest
density was obtained by the sample doped with ;c =0.10 which was 6.3 g/cml The same
phenomena were reported by Hidayani (2013). They found that density increased with
the increase ofthe Ca content in the BZT system. They reported that BZT-BCT ceramics
with the addition ofmore Ca contents had shown better densification.
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Figure 4.23: Density and porosity ofNi(i-je)Caj:0.
4.5.4 Dielectric Behaviour ofSintered Ni(i.jc)CaxO
Figure 4.24 shows frequency dependence of £r for Ni(i.x)CaxO samples as a
function of Ca^"^ doping concentration. It was observed that the 8r decreased with the
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incr6a.S6 of frecjuenciss. A rapid decrease of8r values took place at the frequencies range
between 1-10 MHz and it became almost stable between 10 MHz-1 GHz. The £r of NiO
was improved with the addition of Ca^"" doping. The Ca^ '^-doped exhibited higher 8rthan
the undoped NiO sample at frequencies range 1MHz to 5 MHz. It was apparent that the
X= 0.01 sample exhibited highest 8r which was 123 at 1 MHz. At 1 MHz, the other
sample X=0.02, 0.03, 0.05 and 0.10 mole %Ca^^ exhibited 120, 115, 102 and 89.
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Figure 4.24: Frequency dependence ofdielectric constant ofNi(|.;f)Ca;cO for several mole
2+% ofCa'
The 8r of NiO samples which were measured at different frequencies ranging
from 1MHz to 1GHz was plotted in Figure 4.25. There were four selected frequencies
which were 1MHz, 10 MHz, 100 MHz and 1GHz. It was found that the x= 0.01 mole
%Ca^"*" sample had highest 8r for all frequency range. At 100 MHz, the 8r =45.2 for x=
0.01 mole % Ca^"" whereas the 0.10 mole % Ca^"" sample was only 36.0. The er ofx =
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0.01 and 0.10 sample at 1GHz were 40.4 and 35.5, respectively. The larger grain size of
;c = 0.01 mole % sample might have contributed to the high Sr. At high frequencies (100
MHz and 1 GHz), the highest Sr value was obtained by the 0.01 mole % Ca doped
NiO.
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Figure 4.25: Dielectric constant ofNiO samples with variation of mol %Ca doping
concentration at 1 MHz, 10 MHz, 100 MHz and 1 GHz.
2"^Figure 4.26 shows the tan 5 of NiO samples at different Ca doping
concentrations. The tan 5 seemed to increase with the addition of Ca^"*" dopant. The
lowest tan 5 was exhibited by the x= 0.01 mole %Ca^"". At high frequency (1 MHz) the
tan 6 was 0.05 for 0.01 mole % doped NiO. This value was lower compared to those
reported by Dakhel, (2009). They produced Li and Pr co-doped NiO and the tan § was
(~0.05-0.08) at 1MHz. This behavior was similar to that observed in other NiO-based
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ceramic systems such as CaCuTiOs ceramics. Thus, the dielectric loss of the NiO
ceramics could be reduced with the addition of Ca dopant. The dielectric loss of X—
0.01 have high dielectric loss due to the dielectric relaxation happened on Ca doped NiO
samples. The same trend ofdielectric relaxation also has been reported by Wang et al.
(2008).
NiO doped with 0.01 mole % Ca^"^ was considered as having the best dielectric
properties which possessed the highest 8r = 144 and lowest tan 5=0.05 at 1MHz. Based
on the result that was obtained, 0.01 mole % of Ca^"*" was considered applied in the
formation ofNi(i-;t)Zr,Ca.
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Figure 4.26: Frequency dependence of dielectric loss of Ni(i-;t)CajcO sample as function
ofCa^^ doping concentration.
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4.6 Characterization of Ni(,.:«.^)Zr^Ca^O for x=0.02 moie %Zr""^ and y - 0.01
mole % Ca^^.
The concentration of Zr"'' and Ca '^' was selected based on the result obtained
from the previous part. NiO was doped with optimum concentration of Zr"'" (* =0.02)
and Ca '^' (y = 0.01). The properties of Zr"'' and Ca '^' co-doped NiO sample were
characterized by XRD. density by Archimedes principle, surface morphology by
FESEM and dielectric properties by impedance analyzer.
4.6.1 DTA-TGA Analysis of Nio.9sZro.02Cao.01
Figure 4.27 shows the DTA-TGA curve for the mixture of Nio.gsZro.ozCao.oi
powder. The small weight loss, -0.4 mg in the first peak at 100°C was attributed to the
removal ofmoisture in the powder. This was due to the powder that absorbed moisture
from the atmosphere. Observation at temperature of 300°C to 500°C showed the weight
loss was high. That was the range for solid state reaction that happened between NiO,
Zr""^ and Ca^*. No further weight loss was observed up to 900°C. The weight loss was
related to the combustion oforganic matrix. No further weight loss and no thermal effect
were observed above 500°C, indicating that no decomposition occurred above this
temperature.
For the DTA graph, endothermic peak were present starting at 400°C in the range
of 300°C and 1000°C, with minimum peak at 450°C, indicating that the thermal events
could be associated with the burnout of organic species involved in the precursor
powder. Based on DTA-TGA analysis, it showed that the Ni0.95Zr0.02Ca0.01 composition
40
started to form at temperature around 900°C. Therefore, the calcinations temperature
varied from 450°C to 900°C in order to determine the optimum temperature for the
calcination process.
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Figure 4.27: The DTA-TGA curve for the mixture ofraw materials powder.
4.6.2 X-ray diffraction Analysis ofNi0.95Zr0.02Ca0.01O
Figure 4.28 shows XRD patterns ofNii.x.;,Zro.o2Cao.oi powder after calcination in
air at 450 "C, 8U0"C and 900°C for 2 hours, It shows that the XRD patterns ofcalcined
powder ofCa and Zr-doped NiO were similar with calcined powdep-of undoped NiO.
All samples were matched with the powder diffraction pattern ofNiO (ICDD no. 04-
0835).
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Figure 4.28: XRD analysis for Ni0.95Zr0.02Cao.01 calcined at (a) 450°C, (b) 800 Cand (c)
900°C for 2 hours soaking time.
The XRD analysis of the Nii.;t-^Zro.o2Cao.oi samples which were sintered at
1200°C, 1250°C and 1300°C Cfor 10 hours is shown in Figure 4.29. As shown in the
figure, all of the samples exhibited single phase formation of NiZrCaO without traces of
raw materials. The diffraction patterns of all the samples were matched with ICDD Data
File Card No. 01-082-0944 and it could be assigned to acubic cell with space group of
Fd3m (no.227). Results indicated that the addition of Zr and Ca dopant did not change
the cubic structure ofNiO. However, it caused distortion in lattice parameter. The lattice
parameter of NiZrCaO was changed after the doping process. It was because the dopant
tended to substitute the parental atom ofcrystal structure due to the difference in size
between Zr dopant and the parental atom of NiO. The peak shift on the XRD result
40
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indicated that the lattice ofcrystal structure had been distorted. From the result, when
the temperature increased, the structure remained in cubic structure. That was because
the changes of the bonding structure were strictly distorted due to the increase in the
temperature.
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Figure 4.29; XRD analysis for Nio.95Zro.o2Cao,oi samples sintered at (a) 1200°C (b)
1250°C and (c) 1300°C for 5 hours.
4.6.3 Microstructure Analysis ofNi0.95Zr0.02Ca0.01O
Figure 4.30 shows the FESEM micrographs of Nio.95Zro,o2Cao.oi samples that
were calcined at 450 "C, 800 °C and 900 °C for 2 hours and sintered at I250°C for 5
hours. As seen in these figures, increasing the calcinations temperature significantly
promotes grain growth and microstructural densification. The powders shown in Figure
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Figure 4.30: FESEM micrograph and EDX analysis of Nio.gs^^ro.oaCao.oi powders
calcined at (a) 450°C, (b) 800°C, and (c) 9U0"C.
Analysis of the entire calcined powder showed that sample that was calcined at
OOCC for 2 hours produce the highest density and well distributed grain. Therefore, for
the rest of the experiment, the calcinations temperature was fired at 900°C.
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Figure 4.31 shows the FESEM micrographs of Ni0.95Zr0.02Ca0.01O pellets that
were sintered at different temperatures. The sample sintered at i200°C was not fully
dense. A large porous area was observed in this sample. As seen in these figures,
increasing the sintering temperature significantly promoted the grain growth and
microstructural densification. The sample sintered at 1250°C showed a denser
microstructure than the sample sintered at 1200°C with fine grain size and less pores
were seen on the surface. However, the sample sintered at !300°C involved an increase
in the grain size and also experienced abnormal grain grovrth.
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Figure 4.31: FESEM micrograph of Ni0.952r0.02Ca0.01O samples sintered at (a) 1200°C,
(b) 1250*'C and (c)1300°C for 5 hours.
The average grain size of the samples was increased from -1 pm for the sample
sintered at 1200°C to ~4 pm for the sample sintered at 1300°C. However uniform grain
size and clear grain boundaries were obtained for the sample sintered at 1250°C with
average grain size of~2 pm. The similar grain growth phenomenon due to high sintering
temperature was also reported by Mohamed et al. (2007). Wang et al. (2008) also stated
that higher sintering temperature and longer duration for sintering process will increase
the oxygen vacancies. Thus, it will increase the diffusion of oxygen vacancies at grain
boundary and promotes more grain growth.
4.6.4 Density and porosity of sintered Ni0.95Zr0.02Ca0.01O
Density and porosity of the Ni0.95Zr0.02Ca0.01O samples were listed in the Table
4.3. The density of the samples was enhanced by increasing sintering temperature. In
this table, the densest sample was obtained for the sample sintered at 1250°C. This
sample had the highest relative density (82.9%) and the lowest porosity (0.02). On the
other hand, the sample sintered at 1200°C exhibited the lowest relative density (75.8%)
and the highest porosity (0.19). Meanwhile, the sample sintered at 1300 °C exhibited
relative density and porosity around (81.2%) and (0.03) respectively. Results indicated
the sample sintered at 1300°C might have filled the porous area on the sample during the
sintering process. Even though the densest sample was obtained by the sample which
sintered at 1300°C, the sample sintered at 1300°C involved an increase in the grain size
and also experiencedabnormal grain growth.
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Table 4.3: Relative density and porosity ofsamples sintered at different temperatures.
Temperature (°C) Relative Density (%) Porosity (%)
1200 75.8 26.1
1250 81.2 25.9
1300 82.9 17.1
4.6.5 Dielectric behavior of Ni0.95Zr0.02Ca0.01O
Figure 4.32 shows the frequency dependence of the dielectric constant of the
Ni0.95Zr0.02Ca0.01O. It was observed that the Sr decreased for the sample sintered at higher
temperatures. Arapid decrease of 8r took place at that frequency range between 1-10
MHz and it became almost linear between 10 MHz and 1 GHz.
The highest Sr of the Ni0.95Zr0.02Ca0.01O (727) was obtained by the sample
sintered at 1250°C, measured at 1MHz. At the same frequency, the sample sintered at
1200°C and 1300°C sample exhibited 717 and 725, respectively. The influences of
sintering temperature and frequency on the dielectric response in the Ni0.95Zr0.02Ca0.01O
sample were possibly due to the incomplete formation of its grain boundary structure,
caused by porosity.
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Figure4.32:FrequencydependenceofdielectricconstantandClose-upofdielectric
constantat(1-10MHz)forNi0.95Zr0.02Ca0.01samples.
Figure4.33showsthefrequencydependenceoftan6ofNi0.95Zr0.02Cao.01sample.
Itwasobservedthatthetan6increasedathigherfrequencies.Thetan5seemedtobe
reducedwithanincreasingsinteringtemperatureofNi0.95Zr0.02Cao.01.Thelowesttan5
wasobtainedbytheNi0.95Zr0.02Ca0.01sinteredat1250°Catfrequencyrangingfrom1
MHzto1GHz.At1MHz,thesamplesinteredat1250°Cexhibited0.04dielectricloss
values,meanwhile0.01wasforsamplesinteredat1200°Cand0.07wasforthesample
sinteredat1300°C.
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5.0 CONCLUSION AND RECOMMENDATION
5.1 Conclusion
Undoped NiO and Zr'*''and Ca '^^ doped NiO have been successfully prepared by
using solid state reaction technique. The presence ofNi(i.;c)Zr;cO and Ni(i.;t)Ca;cO single
phase was obtained by X-ray diffraction for all of the sintered sample. FESEM
observation on the Ni(i.;c)Zr;cO and Ni(i-;,)Ca;cO samples showed that the grain size was
reduced with more addition ofdopant.
The dielectric behavior of Ni(i.;t)Zr;tO with x = 0.02 mole %Zr"^ exhibited the
highest dielectric constant (700) and the lowest dielectric loss value (0.16). The
dielectric behavior ofNi(i.;c)Ca,0 samples showed that the sample doped with = 0.01
mole % Ca^"^ obtained the highest dielectric constant (123) and the lowest dielectric loss
value (0.05) measured at 1 MHz.
Based on the results of Ni(i.x)Zr,0 and Ni(i.;c)Ca;cO properties, Ni0.95Zr0.02Ca0.01
was formed by doping with optimum concentration of Zr"^^ {x = 0.02) and Ca^"^ (y =
0.01). The presence of Nio.95Zro.02Cao.01 single phase was obtained by X-ray diffraction
after being sintered at 1200°C, 1250°C and 1300°C for 5 hours. FESEM observation on
the Nio.95Zro.02Cao.01 samples showed that the grain sizes got larger with the increasing
temperature. For the sample sintered at 1250°C, the grain size was well distributed and
densification of the sample was improved while the porosity was decreased. The
dielectric behavior ofthis Nio.95Zro.02Cao.01 exhibited the highest dielectric constant (727)
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and the lowest dielectric loss value (0.04). These dielectric properties for the
Nio95Zro.02Cao.01 sample combined the high dielectric constant and low dielectric loss at
high frequency (IMHz-lGHz). As aconclusion, by doping NiO with Zr'"' and Ca '^'.
respectively, the multiphase ceramics have high dielectric properties compared to the
pure NiO.
5.2 Recommendation for Future Research
There are anumber ofpossibilities which could be explored further in future works:
i) Studies on different doping material that can improve the properties ofdielectric
constant and dielectric loss.
ii) To measure the dielectric properties ofNiO at ahigher frequency of 1TeraHz.
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Abstract
Sr -doped NiO ceramic was studied. The effect of composition variation of Ni(i.jr)Sr.tO where x=0,0.01,0.02, 0.03,
005 and 0.10 mole %was prepared by using solid state method. The calcination temperature used at 950 "C for 4
hours and the sintering temperature used at 1200 »C for 3 hours. The results depict the microstructures increase m
grains size (0.43 -3.30 pm) by increase of Sr dopant contents. The density and porosity testing support the result of
microstructures analysis. The larger grains size led to increase in density and lower in porosity. The dielectric
properties is observed in a wide frequency range of (1 - I 000 MHz). The increase of dielectric constant ^is
associated with the decrease of dielectric loss. The optimum composition was obtained for the x - 0.03 mole %
sample with highest dielectric constant (3.24 x 10^) and lowest dielectric loss (1.42) at 1MHz.
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Abstract
The comparative study was made on the efTect ofZirconium ions (Zr"''') and Calcium ions (Ca"^) dopant on NiO properties.
The electroceramic ofNid.^jZr^O and Ni,|.j)Ca,0 was prepared by using solid state reaction method. The different amount ofZr""^
was studied. XRD analysis on sintered sample showed the single phase formation of Ni(|.,.,Zr,0 and Ni(i.,.,CajO. The dielectric
behavior ofNi(|.,)ZrxO with x = 0.02 mole % Zr"* exhibited highest dielectric constant (700) with moderate dielectric loss (0.16).
Meanwhile, the dielectric behavior of Ni(|.x)CajrO samples show that the sample doped with x = 0.01 mole % Ca"* obtained the
lowest dielectric loss (0.05) but moderate in dielectric constant (123), measured at 1 MHz.
© 2016 The Authors. Published by Elscvier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativccommons.Org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility ofSchool of Materials and Mineral Resources Engineering. Universiti Sains Malaysia
Keywords: Zirconium ions. Calcium ions; NiO dielectric constant, dielectric loss
1. Introduction
Perovskite structures such as PbZrTiOs (PZT) and PbMgi/sNba/BOs (PMN), exhibit high dielectric constant but
both materials have high dielectric loss and also poor temperature stability (Bencan et al., 2012). Besides, they
contain lead which is toxic. Most recently, a lead-free perovskite like CaCu3Ti40|2(CCT0) has high static dielectric
constant at room temperature but its weak temperature is between -173 and 107°C (Guillemet et al.,2006). The key
properties required for a capacitor are high die-lectric permittivity and law-dielectric loss which can withstand high-
temperatures. Large dielectric constants of LaMnOs^and CCTO are interpreted by polarization mechanism from
electrically heterogeneous grain and grain boundary regions (Li et al,, 2012), but the dielectric loss of the system is
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ABSTRACT ^occfiiiiv nrenared from the mixture of commercial
LF and Zr^^ codoped NiO of Li^ concentration (x =0,01. 0.02.
LhCOj, Zr02 and NiO usmg s^id swte ^ 24 hours. The samples -were
0.03, 0.05 and 0.10), 7,r fv • ) p,giiet chaoe at 250 MPa and sintered at 1280 °C for 10
calcined at 1000 °C for 2hours, presse i P density testing and impedance analyzer,
hours. The sintered pellets were subjected to The grain becomes larger with
Th"S?ou- »8 ... b.... ...."..by bif f..........
in microwave communication.
INTRODUCTION
y..,., ,b... b« b„..... .r«....b 8... •'iS.';
applications in (CCTO) and PbMg|/2Nb2/303
ferroelectric oxides such as BaTiOs, ^ Hipi'ectric loss (Bencan et ah. 2012). In addition,(PMN) show high dielectric permittivity an '8 .1730c to 107°C (Guillemet et ah, 2006).
they show [®'"^g^k?yTemperature dependence of the permittivity can lead to failureBased on Li et al. (2012), the weaKly p ^v^iriptv ofconditions Large dielectric constant of
tS^SlXuSry r.8i."., b". .b. 8i..«bl. 'b" 'b"™ "b'^ b-
non-perovskite and nonferroelectric mater apparent high dielectric
.f U7 N.7 K. ..1'^. ll. .» "»«• b'"'",","."'permittivity value With 10 . ^ dopant will increase the dielectric
(Tangwancharoen et ah, 2009). The imoroved to 10^ Recent works are focus on
properties of NiO especially dielectnc ^ S at low frequencies. However, there isthe effect of various dopant on ^he die^ctric popert.^s ofN^^^
no study on the dielectric properties of NiO doped
MHz to 1 GHz).
EXPEWMENTAL PRO^ ^ (237I0)( 99%) were
Commercial NiO (A drich 9 ), ation, LhNii-yZroozO was prepared by using
used as starting materials m the sarnp p p different amount of
conventional solid state processing technique. Pure Niu was
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Abstract Sr-doped NiO ceramic was prepared using solid state method. The calcination
temperature used at 950 °C for 4hours and the sintering temperatures was varied from 1100 to 1300
°C for 3hours. The results depict the microstructures increasing in grains size (1-8 pm) by increase
of sintering temperatures. The density and porosity testing support the result of microstructures
analysis. The larger grains size induced tlie increase in density and lower in porosity. The dielectric
properties is observed in a wide frequency range of (1 - 1000 MHz). The increase of dielectric
constant is associated with the decrease of dielectric loss. The optimum sintering temperature was
obtained at 1200°C depict the grain size range (1-2 pm) with highest dielectric constant (1.61 x
10^) and lowest dielectric loss (1.15) at 1MHz.
Introduction
In the past decades, researchers are avidly conducting research and development on dielectric
ceramic materials. Massive improvement have been done on dielectric materials with high dielectric
constant and low dielectric loss to subjugate the wide array ofapplications in electronic such as
capacitors, memories and filters. Recently, monovalent alkali and transition metal doped NiO
systems have attracted much attention from the researchers due to the observation of an
extraordinarily high e' in the range of 10^ - lO' which remains constant over the temperature range
from -50 to 150 °C. NiO - based ceramics is anon - perovskite and non - ferroelectric material with
a formula AxByNii-x-yO (where Arepresents a monovalent element such as Li [1], Na [2] and
others and Brepresents atransition element like A1 [3], Zr [4] and others). The dielectric properties
of such material systems can be tuned by changing the compositions of these two additives o an
Q
The optimal electronic parameters of the dielectric material should have a moderate to low
dielectric constant at microwave frequencies, low a dielectric loss, and a high dielectric tunability(change in dielectric constant with applied field) [5], Therefore, Sr doping into A-site for Sr.Ni, ,0
have been studied. Kulshreshtha et al. [6] rejiorted that the incorporaUon of isovalent Sr in the
PLZT lattice enhanced the tetragonality and significantly increased grain growth thereby pr^oted
density of the ceramics. The report done by Ramam &Chandramouli [7] reveals that 1.0 mif./o of
Sr modified PLZMT resulted in enhancement ofgrain size and apparent density higher, dielectnc
constant, low dielectric loss and high piezoelectric coefficients which could be promising for
piezoelectric applications. ^ ^ . . j- i . •
In the present work, the effects of Sr^^ on the microstructure, XRD, density and dielectric
characteristics of SrxNij.xO ceramics, wlieic x = 0.02 have been investigated, where the role o
sintering temperatures are emphasized. Sintering is influenced by various factors, such as sintering
time, sintering temperature, heating rate, cooling rate and sintering methods, w ic irect ya ec s
the microstructure ofceramics, as well as grain size, uniformity ofgrains and boundary structure
thereby, affecting its electrical properties [8].
All righls reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the wntten permission of TransTech Publications, www.ttp.neL (#68621097-13/07/16.05:00:09)
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Abstract.Ca;,Nii.xO
w
aspreparedby
conventional
solid
state
reaction.Theproperties
ofundoped
and
CaO
doped
NiO
ceramicshavebeen
studied.The
raw
mixture
ofCaO
andNiO
w
ereball
milled
for24
hours.The
samples
w
ere
calcined
at1000°C
for2hours,pressedintopelletshape
at200
MPa
and
sintered
atI300°C
for4hours.The
sintered
samples
w
ere
subjected
toXRD,Scanning
Electron
M
icroscopy(SEM)
and
Impedance
Analyzerfor
phase
identification,
microstructural
observation
anddielectric
analysis.Thegrains
sizebecomeslarger
with
theincrement
ofdopant
am
ount.Enhanceddielectric
constantw
as
observed
for
allCadopedNiO
atthefrequency
ranee
from
100Hzto1MHz.Thedielectric
constantofsinteredCaxNii.,0decreased
with
anincreasing
frequency.The
resultindicatesthatCaIonshave
effectively
changed
theproperties
ofNIO.
In
tro
d
u
ctio
n
Nickel
oxide(NiO)is
a
very
interesting
m
aterialforIts
various
applications
In
supercapacitor,
exchangebias
controlled
spin
valve
and
electrochromicdevices,
which
ispureNIO
is
classified
as
insulator,conductivitylessthan10'"S
cm
*',nonperovskite
and
nonferroelectric[1].Allproposed
m
echanism.shighlighttheimportance
ofNp^
and
the
comparatively
wide2pband
ofO2.Earlier
w
orks
have
shown
tliaidoping
with
m
onovalentimpurities
like
Li"^
can
increase
the
dielectric
constant(•10)
at100Hz[2].M
eanwhile,
otherdopants
such
asLi,Na,K,Ti,Al,Ta
and
Sihave
been
reportcanimprovethedielectricproperties
ofNiO
in
tlie
range(10^-10^)[3-4].Howeverthe
dielectriclo*s
w
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veryhigh
inNiO.In
orderto
achievehigh
dielectric
constantand
low
dielectric
loss,Cahasbeen
chose
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used
a.sdopantinNiO
system.In
Bai,rCa^Ti03
system.Ca
w
as
used
as
adopantanditw
as
reported
thatCa
can
suppressthedielectricloss[5].
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ountofdopinginpureNiO
isattributed
toincreaseIndensity
and
grain
growth[2].CahasIonic
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to
creation
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extra
carrierCa*~
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and
ittendstodisturbed
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structure,
henceimprovesthedielectricproperties
anddielectricloss
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solid-stateprocessing
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easy
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when
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NiO
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size
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dielectric
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Abstract. NiO-based ceramic has shown high dielectric constant with 10^-10 , as well as high
dielectric loss. Previous studies showed that doping with monovalent cations c^ cause a
considerable decrease in dielectric loss. In this research, the effect of lithium carbonate (L12CO3)
dopant on NiO was investigated. The electroceramic of LixNii.,0 were prepared l^r using solid state
reaction method. The mixture of Li^ and NiO were ball milled for 24 hoirs. The s^^^
calcined at SOCC for 6hours, pressed into pellet shape at 750 MPa and sintered at 1200 Cfor 10
hours. The sintered pellets were subjected to XRD, SEM. density testing ^d Impedance analyzer.
XRD result shows the single phase formation of Li^Nii.^O. The gram becomes l^ger with t e
increament of Li^ mole %. The dielectric constant of LiiNii.,0 decrease with the increasing
frequency. The highest dielectric constant was observed in x= 0.03 with 5210 at frequency range o
IGHzto IMHz.
NiO is aMott-Hubhard antiferromagnetic insulator which c^stallizes in rock salt stocture.
It is an interesting material due to its complex band structure [1]. NiO was classified ^ an insu ator
at room temperature and an optically measured gap of4eV [2]. All proposed mech^isms highlig
the importance ofNi^"^ and the comparatively wide 2p band of Oz. Earlier works ha^
pure NiO exhibits adielectric constant value ofNiO is >30 [3]. Compared to pine NiO, doped NiO
have better dielectric properties due to the changes of its structure. The role of dopant is important
but different dopant may not have the same effect on trapping electrons and holes
during interface charge transfer because of the different position of dop^t into the host lattice^Sg with monovalent impurities such as Li. Na K. Ti. Al. Ta and Si have been report c^improve the dielectric properties of NiO at (lO' - lO') in the range 100 ^
grain growth was occurred. Instead of dielectric constant are increase, small amount ofdoping ^sokTrrbe the density and grain growth. However, there is no result reported on dielectric
properties of Li doped NiO at higher frequencies (1 MHz to 1
applications ofNiO. Therefore this study was focused on preparation ofLi doped NiO in solid
reaction method measured at high frequency (1 MHz to 1GHz).
Commer'ctfNTolAldrich 99%) and LizCOj (Aldrich 99%) were used ^f ^
the sample preparation. Li,Ni,.,0 was prepared by " '^"6
technique Pure NiO was mixed with different amount of Li (0.01, 0.02, 0.03, 0.05 and . )
mole"/! Aooronriate amount powders of NiO and Li^ were firstly weighted and were rtiechanicallyTt bill rSixTnTul^^^^^^ as wetting agent for 24 hours. Zirconia ball was used ^ mixing
medium with weight ratio 10:1. The mixtures were dried for 24 hours. Then, 'twas grinded using
agate mortar to form the fine powders. The powder was placed in alumina crucible and wlcined in
carbolite furnace at SOCC for 6hours. Then, the calcined powder was "
pellets shape by using hydraulic press at 750 MPa. The pel ets
Lurs The samples were subjected to X-ray powder diffraction Bruker D8 Advice (XRD). to
identify the phase formation and crystal structure of the
observed by using Scanning Electron Microscopy Zeiss Supra 35VP model (SEM). The samples
nr hu ami means without the writtenpermission of TransWl rights reserved. No part of contents of this pajrer may be reproduced or transmitted]n any form or by_any_
AdvancedMaterials Research Vol ilUV (2011>J pp J-d
©(2015) Trans Tech Publications. Switzerland
doi:10.4028/www.scienlific.net/AhdR. 1107.3
The Effect of CuO on NiO Electroceramics
Tan Guan Kui '^®. Mohd Fariz Ab Rahman'•^ Zainal Arifin Ahmad '^®,
Julie Juliewatty Mohamed''''
S^chool of Materials and Mineral Resources Engineering, Engineering Campus, Universiti Sains
Malaysia, 14300 Nibong Tebal, Penang, Malaysia.
®guankui422@gmail.com, ''mohdfarizabrahmanOyahoo.com, ®srzainal@usm.my,
'''srjuliewatty@usm.my
Keywords: NiO. Cu dopant, electroceramic, dielectric.
Abstract. The Nii-xCuxO was prepared from raw materials ofNiO and CuO via solid state reaction.
This study was focuses on undoped and CuO doped NiO electroceramic. CuO was used ^ a
with five different concentrations. The powders were mixed for 24 hours and followed by
calcinations at 900°C for 2hours. The calcined powders were compacted to a5mm diameter pellet
form bv applying 200 MPa pressure. Then, the pellets were sintered at temperature 1200 Cfor 12
hourl After that, the samples were analyzed by using X-Ray diffraction (XRD) in order to idemify
the phase formation, scanning electron microscopy (SEM) for the microstructure and surface
topography observation, density measurement by Archimedes principle and impedance analyzer in
ordefto measure the dielectric properties. XRD results show that all sintered pellets produce a
single phase ofNi,.xCuxO. Increase of Cu dopant concentration causes the lattice parameter getting
larger Apart from that, SEM shows that more addition of Cu dopant increase the gram s^e. The) density was also improved, due to formation of bigger grain size lead to higher densificatiom
Impedance analyzer results showed that the dielectric behaviour of the samples was improved with
increasing of CuO contents. The optimum dielectric properties were obtained by 0.10 mol CuO
sample, measured at 1 GHz.
INTRODUCTION
NiO is one of the high dielectric materials that have been discovered. NiO has awide band
gap, low cost, and high permittivity properties materials. NiO has an excellent durability and
electrochemical stability with large span optical density and possibility of manufacturing it by a
variety of techniques [1]. NiO is an insulator at room temperature, but dopmg with monovalent
cations like Li"*" can cause aconsiderable increase in the conductivity ofNiO, and thus NiO becomes
semiconducting due to these defects [2]. Several studies had been made where dopant is app led to
NiO in order to improve its properties. For example, the study about the high-pemittivity dielectric
NiO-based ceramics co-doped with Li and A1 (LANO) prepared by a traditional solid-state
synthesis 131 Analyses of the ceramic microslructuie and composition indicate that A1 ions ^e
distributed in grain boundaries, and that uniform boundaries indexed as N1AI2O4 surround the grams
has been made. The concentration of A1 has aremarkable effect on the dielectric properties of the
LANO ceramics. The dielectric constant remains almost constant (10 -10 ) at low frequency andhas astep like decrease toward higher frequencies. j
On the other hand, CuO also exhibit high dielectric properties. Bulk copper (II) oxide (CuO)
shows extraordinarily high dielectric constant (Sr ~ lO''), and almost independent of temperature(above 230K) [41. Asimple oxide such as CuO appears to be an interesting low cost rnaterial
showing giant dielectric constant which merely depends on temperature and frequency (kilohertz
range) [5]. Such aunique property ofCuO had attracted us to dop NiO with CuO.
Although there have been anumber of investigations on the electrical, optical and structural
properties of NiO electroceramic, no systematic study have been done on the Cu doped NiO
electrical properties at varying deposition conditions. Hence, it becomes one of the interesting
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DIELECTRIC PROPERTIES OF ZrOa DOPED ON NiO AT HIGH
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Abstract: Zr,Ni|.jtO was prepared by conventional solid state reaction. The propertiM of undoped
and ZrO, doped NiO ceramics have been studied. The raw mixture ot ZrOj and NiO were ball
milled for 24 hours. The samples were calcined at 1000°C for 2hours, pressed into pellet sh^ at
200 MPa and sintered at 1300°C for 10 hours. The sintered samples were subjected to XRD,
Scanning Electron Microscopy (SEM) and Impedance Analyzer for phase identtficano^
microstructural observation and dielectric analysis. Result show that the
the increment of dopant amount. Enhanced dielectric constant was observed mthe ZrOi doped NiO
•with x= 0.02 for the frequency range from IMHz to IGHz. The dielectric constant of sintered
Zt.,Ni|.xO decreased witli an increasing frequency. The result also indicates tliat that Zr ions have) effectively changed the dielectric properties ofNiO.
j
INTRODUCTION
Nickel oxide, (NiO) is au-aiisition metal oxides having rock salt structui-e wliich are cation efficient
ptype semiconductor and very interesting material for capacitor applications Recently, N^O based
ceramic is ateclinologically non perovskite, non ferroelectric and lead free based material [1, 2],
which is, pure NiO exhibits adielectric constant value of is >30 [3]. In undoped NiO, all proposed
mechanisms highlight electrical conduction is primarily due to the
the Ni^" and the comparatively wide 2p band of O2. Compared to pure NiO, doped NiO have betteidielectric properties due to tlie changes of its structure [4]. Therefore point defects mNiO crystals
considered as an ideal solution for doping with ote materials. Earlier works f
doping with monovalent impurities such as Li can increase tlie dielectric constant )a z[4]. Meanwhile, other dopants such as Na, KTi,^Al, Ta and Si have been report can improve the
dielecuic properties ofNiO in the range of 10^-10^ [3-6], Studies of the complex dielectric constant
ofNiO single crystals, polyciystals and thin films have been reported. However, tlie contnbutioii of
these hopping charge carriers to polarization is not fully understood [2-9] and still being ^scussed
among the researchers. Further studies of the NiO doped with different composition of ZrOj at the
high frequency have not been reported so far. j . * ^+1
Several dopants of varying valencies, ionic size and concentrations are added into NiO the
variations in densification, and dielectric properties of NiO are studied. It was found that the
dielectric properties increased when the ionic radii of the dopant is close to ionic radn of NiO(0.069 nm). Thus, the motivation of this work is to study and provide better understanding tlie effect
NiO properties being influenced by doping witli small amounts of ZrOa- Zr which has atomic radn
of0.73A have apotential to be doped into NiO because it tends to distinbed the NiO structure.
EXPERIMENTAL METHOD
ZrvNii vO was prepai-ed by using conventional solid state processing technique. Pm*e NiO was
mixed with different amount of ZrOo. (0.01, 0.02, 0.03, 0.05 and 0.10) mole%. Appropriate amount
mm
DIELEerRIC PROBERTDESMOPIpieAXION OF NiO USING LUCOj and ZrOi
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Lf and codoped NiQ ceramics was successfully prepared from the
LhCOi ZrOi andNLO using solid state reaction. The imxture of vanes Li conce^adon (x 00
nno n OS and.O n Z?* (y =0.02) and NiO were ball milled for 24 hours. The sampte»^,calci^Vt^l00fr?<^ToF.'2- hpurv;prps?.ed:^o,^gell?t, shape at .250.
XRD result shows.the gmgle phase foimatiGn:of LixZro.o2Nit,vo.o2. The-grain becomes l^ger withincrearaent of Li"" mole The dielectric^Cpnstant of Li.Zrq.o2Ni,.:,4,.o2^de^^P with theftequency- Tbe^NiO codoped withLR-and Z^- can-be use excellently athigh foquencies^ .
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Iransform infrared spectroscopy analysis reveals the presence ofP-0 bending and i;,|:
respectiv^^ These-bands have been shifted-which may due
ffpr-timnlvine the change in polyhedral structure caused by comer sharing or throughproperties of the samples were -analyzed
permittivity and dieieetrio modulus. The ionio transference number was found to beoptimum composition With maxamum conductivity.
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THE EFFECT OF CuO ON N!0 ELECTR0CERAMIC8
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The Nl, Cu/) was prepared from raw malerials of NiO ar>d CuO via solid stale reaction. This study was
focuses on undoped and CuO doped NIC properties. CuO was used as dopant with five different conc^ti^
lions The powders were mix for 24 hours and fonowed by calcinations at 900'C for 2hours. The calcin^
powders were compacted to a5mm diameter pellet form, by applying 200 MPa pressure. Then, the p^ots
v^re sintered al temperature 1200'C for 12 hours. After that, the sample were analyzed by us ng X-Ray
diffraction (XRD) In order to identify the phase fonnatlon. scanning electron microscopy (SEM) for the mr-
croslructure and surface topography obsenratlon. LCR meter In order to measure the dielectric pr^a
and density measurement by Archimedes principle. XRD results show that ell sinlered pe ^Is a
slnole Phase of Ni,..Cu.O. In addition, increase of CuO dopanl concentration causes Ihe lalt.ce param^er
getting larger. Apart from thai. SEM shows that more addition of CuO dopanl Increases In aj®'"
density are also Improved, due to formation of bigger grain size lead lo an Increasing "
results shows thai dieiedrtc constant Is increasing and dielectric loss is decreasing with increasing of CuO
content. The 0.10 mol% CuO posses optimum dielectric properties with highest dielectric constant value
(8.04x10'") end lowest dielectric loss (0.23), measured at frequency IMHz.
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Cement and concrete has been widely used as shielding material In reactor nuclear In order
exposure to individuals.Conventional concrete mix design grade 40 were modified with boron wrtide (B*C)in different weight percent (0%, t,% and 20%). B,C la in great Interest of ^
Swuse of its high capture cross-seclion for thermal neutrons (755 bams). Thermal neutron ^
concrete are studied wtlh aportable lyiCM-2 Hydroteclor using neutron backscetter ^
Mcount 61 about 51.5% thermal neutron absorpUon was obtained for the concrete cube with 5w1 %B-iCSiT5% cLt for concrete cube 20 wl %B,C.The effect of adding B.C shows an improvement on the
Biennal neutron shielding ofconcrete.
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Abstract
Li* doped NiO ceramics was successfully
prepared from the mixture of commercial
LiiCOs and NiO using solid state reaction. The
mixture of Li' and NiOwereballmilled for24
hours. The samples were calcined at SOO'C for
6 hours, pressed into pellet shape at 750 MPa
and sintered at I200°C for 10 hours. The
sintered pellets were subjected to XRD, SEM,
density testing and Impedance analyzer. XRD
result shows the single phase fonnation of
Li,Ni|.»0. Tlie grain becomes larger with the
increament of Li* mole %. The dielectric
constant of Li*Ni|.xO decrease with the
increasingfrequency.
Keywords:
Dielectric.
Li-doped NiO, XRD, SEM,
Introduction
NiO is a Mott-Hubbard antiferromagnetic
insulator which crystallize in rock salt
stnicture. It is an interesting material dueto its
comple.x band structure (1). NiO was classified
as an insulator at room temperature and an
optically measured gap of 4cV [2], All
proposed mechanisms highlight the importance
of NP* andthecomparatively wide 2p band of
Oj. Earlier works have shown that pure NiO
ei^ibits a dielectric constant value ofNiO is >
30 [3]. Compared to pure NiO, doped NiO
have better dielectric properties due to tlie
changes of its structure. The role ofdopant is
important but different dopant may not have
thesame effect on trapping electrons andholes
on the surface or during interface charge
transfer because of tlie different position of
dopant into the host lattice. Doping with
monovalcnt impurities such as Li, Na, K, Ti,
Al, Taand SIhave been icpoit can improve the
dielectric properties ofNiO at(10' —lO') iirthe
range 100 Hz [41. For all dopants, the grain
growth was occurred. Instead of dielectric
constantarc increase, small amount of «lo|jing
also lead to risethedensity and grain growth.
However, tiiere is no result repotted on
dielectric properties of Lidoped NiO at higlicr
frequencies (1 MHz to I GHz) where many
potential applications of NiO. '1 hcrefore this
study was focused on preparation ofLi doped
NiO illsolid stale reaction method measuiod at
high frequency (1 MHz to 1GHz).
Expoi*imcntal Procedure
Commercial NiO (Aldrich 99%) and Li,CO,
(Aldrich 99%) were used as starting materials
in the sample preparation. Li.,Ni|<,0 was
prepared by using conventional solid state
processing technique. Pure NiO was mixed
with different amount of Li* (0.01, 0.02, 0.03,
0.05 and 0,10) nio!c%. Appropriate ainotmi
powders of NiO ami Li,CO, were firelly
weighted and were mechanically wot ball
mixing using ethanol as wetting agent for 24
hours. Zirconia ball was used as mixing
medium wilh*weigl>t ratio 10:1.The mixtures
were dried for 24 hours. Then wore grinded
using agate mortar to fonn lite fine powders.
The powder was placed in alumina crucible
and calcined incarbolite furnace at SOCC for 6
hours. Then, the calcined powder was grottnd
and pressed to form a pellets shape by using
hydraulic press at 750 MPa. The pellets were
slnleted I200''C for 10 hours. The samples
were subjected to X-ray powder diflraction
Bruker D8 Advance (XRD). to identify die
phase' purity and crystal structure of the
sample. Microstrucmre of the sample wa-s
observed by using Scanning Election
Microscopy Zciss Supra 35VP model (.SEM).
The samples were polished and coatcii with
silver paste. The measurement of dielectric
properties of (he sample was cairicd out by
using Impedance Analyzer (Agilent 42X1 A'! at
frequency range of1MHz to 1GHz.
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order to achieve high dielectric nfo'te ter&mrtVbe''one"of the promising
s. many materials have been studied exchange bias controlled spin valve
ia^s to be used as various NiO is an insulator at
ctrochromic devices and independent with a _ jolO). The
temperature, nonperovskite, lead free ^ band
vement in dielectrm properties °5 ° „leTailored by introducing other element mto &e
in which the dielectnc properties ^ies of NiO at low frequency reports thatDakhel, (2012) studied the P^TOcancies were responsible for the dielectnc
aric constant for pure NiO was 30 ° and concentrations were added mto5ofNi. Several dopants of v^ng ° electrical properties ofNi<,-„Zr,0 and
Jhus, this work focuses on the effect on e and 0100 tun, and have the potential to be
,0. Zr^^ and Ca^^ with atomic radii of 0.079 the dielectnc
,to NiO because they tend to disturb ^ to IGHz. Figure 1
es of NiO at room temperature at high q different Zr""" concentration. Results
xm «U., to, Mko-f.0—Mmo.loto m ot
rgor,?,::: Mm, t.*,, w... ..
:-^lH
iW'
m:.
2 Thcia (degree)
rxT- 7r n ^mtered at 1280°C for 10hours.Figure 1; XRD pattern ofNici-x)ZrxO sinterea at
NCLUSION ^ .
^ 10/ 7r'^ * pvhihited the highest dielectnc
dielectric behavior of Nici-x)Zr7cO wi& x - _ behavior of Nici-2.)CaxO
ant (700) and the lowest dielectnc loss va ( • ) obtained the highest dielectnc
les showed that the sample doped with x -
ant (123) and the lowest dielectnc loss value (0.05) measurea
4-6Atigas^3&
f . Penang,
POSTER 16 ^ ^ .
Effect ofthe different Sr dopant contents on NiO ceramic
N.N.M. Salim', J.J. Mohamed''^ ', and Z.A. Ahmad'
Materials Niche Area. School ofMaterials &Mineral Resources Ensineering. Engineering Cantp,^
Universiti Sains Malaysia. Seri Ampangan, 14300 Nibong Tebal, Pulau Finang. Malays,a.
'Faculty ofEar,hScience, Unirersiti Malaysia Keiantan KatnpusJeii. Karung Berkunci No.lOO, 17600
Kelantan, Malaysia.
*sijuliewatty@usm.my
Keywords: NiO, solid state method, dielectric comlant. dielectric loss
1 INTRODUCTION
The interest in using adielectric materials keep increasing each day due to having applicatioirs
aSS to S dilectric constant and low dielectric loss. The potenhal applications melectsna|
a cLacfors and memory devices required an improvise efforts for mmiatunzauce
electronic components. Therefore, high demand in the search for new materials with avery
'''"'''l^erntirt^onovLm metal doped NiO systems
attention from the researchers due to the observation of an extraordmanly lugh dielectric coi^Wu et al. (2002) have reported a giant low-firequency die ectnc c<mstan (>10 ) ne^ ^
temoeranire observed in (Li Ti)-doped NiO, (Li, Al)-doped NiO, and (Li, Si)-doped NiO. T1
cei^nics are anew type of high dielectric permittivity oxide which is nonperovskite, lead-free
"°^ere°fore'''sr doped NiO was studied. The effect of composition variation ofNii.xSrxO whe!e_^
0 001 002 003 005 and 0.10 mole %were investigated. The samples were pr^ared by
sdid stkte method: The result depict ahigh dielectric constant (3.24 x10^) " awide ftequency
fl 1000 MHz) The grain size was increased at higher amount of Sr contents, up o ^ ra ^Ln it tend to drop at 0.10 mole %of Sr. The highest density (6.45^5/cm') was obtained for tte^
003 sample Figure 1shows the dielectric constant versus the Sr doping concentration ot^!sr!o.™he opiinlum composition was obtained for the x= 0.03 sample with hi^test diekxa|
constant (3.24 x10^) and lowest dielectric loss (1.42) at 1MHz. ^ .3
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Figure 1. Dielectric constant versus the Sr^" doping concentration.(mcle %) ofNi(..,v,Sr,0.
m:
i *•"
S""Iiiternarii
The Formatic
F. Budim
' Green Electronic
' Department ofEl
Keywords: Nanow
INTRODUCT
1
2 CONCLUSION
Sr content influence the densification, microstructuies and dielectric properties ^lO ^Addition of 0.03 mole % Sr seem to produce Nici-.)Sr,0 with high dielectric constant (3._
and low dielectric loss (1.42)at 1 MHz.
Ife'
SEMINAR ON ADVANCED MATERIALSCHARACTERIZATION TECHNIQUES IN RESEARCH, INDUSTRY AND
NUCLEAR APPLICATION 2015 L^MCT 2015)
9& 10 June 2015
Palace of the Golden Horses
Sen Kenibangun. Kuala Lumpur, Malaysia. (£> £
USM18
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Abstract. Sr doped NiO ceramic was prepared using solid state method . The calcination
temperature used at 950°C for 4 hours and the sintering temperatures was varied from 1100 E
to 1300 °C with increment of 50 °C for 3 hours. The results depict the microstructures
increasing in grains size (1-8 pm) by increase of sintering temperatures. The density and
porosity testing support the result of microstructures analysis. The larger grains size induced
the increase in density and lower in porosity. A high dielectric constant (10 ) is observed in
a wide frequency range of(1- 1000 MHz). The increase ofdielectric constant is associated ^
with the decrease of dielectric loss. The optimum sintering temperature was obtained at
1200 °C depict the grain size (1- 2 pm ) range with highest dielectric constant (1.61 x 10^) ^
and lowest dielectric loss (3.35).
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Effect of the Sintering Temperatures on Sr Doped NiO Ceramic
J.J. Mohamed^•^ N.N.M. Salim2•^ and Z.A. Ahmad''"
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Abstract Sr codoped NiO ceramics was successfully prepared from ttie
commercial Sr.Oi and NiO using solid state reaction.
dielectric oroDeities of Sr doped NiO ceramic were properly investigated. Ahigh s ( Ix IU|,SS l^fa wiL frequeilJiy tange of (1- 1000 MHz). Analysis of ceramic nucmstructi^:
reveal the increase of grain size (1- 8 pm) by increase
1300 °C The increase of e' is associated with the deciease of tan 5. °Prtmtim sintemperSure obtained at 1200 »C depict the grain size (1- 2pm )range with highest d.electn.^
constant (1.61 x10') and lowest dielectric loss (3.35).
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Effect of Etching Time on Photoluminescence and Surface
Conductivity of Porous Silicon
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Abstract Recently, porous silicon (PS) gain a lot of research interest wiin us po«
applications in optoelectronics, flat panel displays technology, and chemical senso^
work PS was chemically etched on p-type silicon (Si) wafer by hydrofluoric ^cid (^
65% nitric acid (HNO3) concentration at different etching time. The PS has poros ty de^
on etching time in the range (49-80) %that gives orange-red photoluminescence (PL) to
636 nm to 641 nm. The PL intensity increases and the peak wavelength show slight bL time increases. The energy gap obtained is higher than pure S. (l.Il
MeaLhile, the conductivity of the PS decreases as the porosity and energy gap increase
-•tftra.-,-
iMaklumat Staf Projek
Tarikh Mula Tarikh TamatNama Jawatan
ABDUL RASHID BIN
JAMALUDIN
Pegawai Penyelidik - 1
Sarjana (N41) 2
AMIRUL SHAFIQ BIN
AHMAD FIRDAUS
Pembantu Projek 1
MOHD FARIZ BIN AB
RAHMAN
Pembantu Penyelidik .
- SPM (N17)
MOHD FARIZ BIN AB
RAHMAN
Penolong Pegawai
Penyelidik - STPM 1
(N27)
MOHD HARZUL BIN
MUHAMMAD
Pembantu Penyelidik g
- SPM (N17)
MOHD HAFIZUL BIN
MUHAMMAD
Pembantu Penyelidik g
- SPM (N17)
NOR FATIN KHAIRAH
BINn BAHANURDDIN
Penolong Pegawai
Penyelidik Diploma 1
(N27)
NOR FAUN KHAIRAH
BINn BAHANURDDIN
Pembantu Penyelidik .
- SPM (N17)
NOR FAnN KHAIRAH
BINn BAHANURDDIN
Penolong Pegawai .
Penyelidik - STPM
(N27)
NOR FAnN KHAIRAH
BINn BAHANURDDIN
Pegawai Penyelidik -
Ijazah (N41)
NUK FAnN KHAIRAH
^ BINn BAHANURDDIN
Pegawai Penyelidik
Ijazah (N41)
NOR SUHAIDA BINn
^ SHAHABUDIN
Pegawai Penyelidik -
Ijazah (N41)
NURAISHAH BINn
^ MOKHTAR
Pembantu Projek
NURUL NADIA BINn
MOHD SAUM
Pembantu Penyelidik
- SPM (N17)
NURUL NADIA BINn
^ MOHD SALIM
Pembantu Penyelidik
- SPM (N17)
NURUL NADIA BINn
° MOHD SALIM
Pembantu Penyelidik
- SPM (N17)
2015
lJulai 2014
31 Mac 2016
5 September
2015
310QOS 2015
31 Mel 2015
29 Febniari
2016
31 Ogos 2014
31 Mac 2014
30 Jun 2014
Pelantikan Baru
Pelanjutan
Perkhidmatan
dan Pertukaran
Gred .lawal-an
dari Pembantu
Penyelidik ke
Penolong
Pegawai
Penyelidik
fSTPM)
PEMBATALAN
PELANTIKAN
BARU
Pelantikan Baru
Pelantikan Baru
Pelanjutan
Perkhidmatan
dan Pertukaran
Gred Jawatan
Dari Penolong
Pegawai
Penyelidik
(Diploma) ke
Pegawai
Penyelidik
(liazah)
Pelanjutan
Perkhidmatan
Pelantikan Baru
Pelantikan Baru
Pelanjutan
Perkhidmatan
Pelanjutan
Perkhidmatan
